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Seismic performance investigation of cold-formed steel 
framed shear walls with steel sheathing 
Feng Ruo-qiang1, 2, Xu Peng-hui1, 2 
 (1 Key Laboratory of Concrete and Prestressed Concrete Structures of Ministry of Education, Southeast 
University, Nanjing 210018; 2 School of Civil Engineering, Southeast University, Nanjing, 210018) 
A B S T R A C T                                                                  
Cold-formed steel (CFS) framed shear walls with steel sheet sheathing can achieve higher shear 
resistance compared to conventional CFS framed shear walls. Experimental and numerical 
investigation of seismic behavior was present on two CFS shear walls sheathed with steel sheet for 
the base layer combined with gypsum wallboards for the face layer on both sides. Monotonic 
shear and cyclic loading tests were conducted on wall specimens. The failure mechanism, bearing 
capacity, stiffness and ductility of specimens were obtained. On the basis of rational simplification 
of CFS framed shear walls, the finite element software ABAQUS was used to simulate the 
monotonic behavior of CFS shear walls and the structural analysis software OpenSees was used in 
developing and calibrating 2D models of reversed cyclic shear wall test. A comparison between 
the numerical simulations and the test results showed a good agreement between the results of the 
numerical studies and the test results. The conclusions of this study can be applied to the seismic 
design of CFS framed shear walls. 
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1. Introduction 
Cold-Formed Steel Structure residence is 
a new type of building system which is 
composed of cold-formed steel frame and wall 
board as shown in Fig. 1. CFS framed shear 
walls have been widely used in residential and 
small commercial buildings in the USA, Japan, 
Australia, and Europe in recent years because 
of their light weight, ease of installation, and 
other advantages including environmental 
characteristics and recyclability [1].  However, 
the bearing capacity of CFS framed shear 
walls is usually smaller than the reinforced 
concrete structure and the normal steel 
structure [2].  
CFS wall frames are used to bear the 
vertical loads and to resist the horizontal loads 
such as earthquake loads and wind loads. 
These conventional walls are mainly attached 
with Oriented-Strand Board, gypsum board or 
cement board sheathing. Over the years, using 
steel sheets as a sheathed material for CFS 
wall frames has also gained popularity in the 
multi-story building construction due to its 
high shear resistance, high ductility and good 
construction feasibility. Because of the 
complex configuration of CFS framed shear 
walls with steel sheathing, large numbers of 
numerical and experimental studies have been 
conducted. N. Balh and J. DaBreo[3] 
conducted experimental study on one sided 
steel sheathed CFS framed shear walls 
differed in terms of wall aspect ratio, framing 
and sheathing thickness, screw fastener 
schedule and framing reinforcement. Saeed 
Mohebbi and Rasoul Mirghaderi[4] showed 
that using double-sided sheathings increases 
the energy dissipation, shear strength and 
elastic stiffness, respectively compared to 
those of single-sided sheathed walls. Shirin 
Esmaeili Niari and Behzad Rafezy[5] reported 
the results of an experimental and numerical 
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study that has been conducted on single and 
double-sided steel sheathed CFS shear wall 
panels. In addition, Iman Shamim and Colin A. 
Rogers [6] described the numerical modelling 
using OpenSees of dynamic shake table tests 
of single and double-storey CFS framed shear 
walls with flat steel sheathing. Numerous 
experimental and numerical studies on the 
shear performance of CFS framed shear walls 
sheathed with steel sheet have shown that the 
use of steel sheathing on CFS framed shear 
walls can achieve higher shear resistance and 
high ductility, which will promote the 
development of mid-rise CFS buildings. 
 
Fig. 1 Typical CFS structure residence 
However, the requirements of fire 
performance of CFS framed shear walls with 
steel sheet sheathing receive increasing 
concerns in fire safety design of buildings. It 
was observed that the resulting fire resistance 
times of the normal steel structure without any 
protection ranged from 10 to 22 min, which 
was difficult to achieve a fire rating of more 
than 120 min under service load. However, 
such a fire rating is often required for load- 
bearing walls of mid-rise buildings [7]. Chen W 
and Ye et al. [8] reported that the fire resistant 
performance of CFS wall systems mainly 
depended on the protection of wall panels and 
the fire performance of fire-resistant gypsum 
plasterboard was considerably good. This 
paper puts forward the CFS shear wall 
sheathed with steel sheets for the base layer 
combined with gypsum wallboards for the 
face layer on both sides and presents 
experimental and numerical investigation of 
seismic behavior on these CFS shear wall. 
A complete experimental and numerical 
study was conducted by the authors from 
Southeast University China to investigate the 
seismic behavior of two CFS shear walls 
sheathed with steel sheet for the base layer 
combined with gypsum wallboards for the 
face layer on both sides. Monotonic shear and 
cyclic loading tests were conducted on wall 
specimens. The failure mechanism, bearing 
capacity, stiffness and ductility of specimens 
were obtained. On the basis of rational 
simplification of CFS framed shear walls, the 
finite element software ABAQUS was used to 
simulate the monotonic behavior of CFS shear 
walls and the structural analysis software 
OpenSees was used in developing and 
calibrating 2D models of reversed cyclic shear 
wall test. A comparison between the numerical 
simulations and the test results showed a good 
agreement between the results of the 
numerical studies and the test results. The 
conclusions of this study can be applied to the 
seismic design of CFS framed shear walls. 
2. Shear wall test programs 
2.1. Test specimens 
Fig. 2 shows a typical detailing and 
screw spacing arrangement for the specimens. 
The experimental studies were carried out on 
wall panel specimens with a rectangular 
geometry of 2400mm wide and 3000mm 
height. These CFS shear walls were sheathed 
with steel sheet with thickness of 0.8mm for 
the base layer combined with gypsum 
wallboards with thickness of 12mm for the 
face layer on both sides. In the CFS shear wall 
tests, steel profile with thickness of 1.2mm 
was used. 
The CFS sections were fabricated from 
the steel sheets of 0.8mm and 0.9mm 
thickness with the nominal yield strength of 
345 MPa. The top and bottom tracks of the 
CFS framing members were made of U 
762
(un-lipped) channels with 92mm (web) ×
50mm (depth) × 0.9mm (thickness) and 
143mm (web) × 50mm (depth) × 0.9mm 
(thickness). Two C-sections with nominal 
dimensions of 89mm (web) × 50mm (flange) 
×  13mm (lip) ×  0.9mm (thickness) and 
140mm (web) × 50mm (flange) × 13mm 
(lip) ×  0.9mm (thickness) were used as 
studs. The double lipped back-to-back 
channels were used as the end studs along two 
vertical edges and a single lipped channel as 
the intermediate stud. 
Fig. 2 Details of the specimens. 
The self-drilling screws of 4.8mm 
diameter and 19mm length were used to 
connect together the CFS framing members, at 
their junctions. The steel sheathing and 
gypsum wallboard were attached to the 
framing using the self-drilling screws of 
4.8mm diameter and 32mm length. The 
screws were arranged in a single line on the 
tracks and in a staggered pattern on the chord 
studs with 50mm spacing. The latter is to 
reduce the loading eccentricity on the chord 
studs as suggested by Yu et al [9]. The screws 
connecting the sheathing to the CFS framing 
were spaced at 300mm center to center at the 
intermediate stud which is the most common 
spacing of screws in practice. The edge 
distance of the sheathing screws was 20mm on 
tracks and 25mm or 75mm on chord studs. 
The distance of the screws from the nearest 
free edge of the sheathing was 15mm at the 
intermediate stud. 
To resist shear forces four 18mm 
diameter bolts were used to connect the 
bottom track to the base beam. To resist the 
over turning forces, the hold-downs were 
connected to the base beam by two 20mm 
diameter bolts. The hold-down dimensions 
having relatively thick plates ensure no uplift 
would occur.  
2.2. Test setup 
The shear wall tests were performed on a 
6.00m span, 3.90m high adaptable structural 
steel testing frame. Fig. 3 shows the test setup 
for conducting the wall panel tests. The CFS 
shear wall panel was assembled on the floor, 
and then the wall panel was lifted to vertical 
position and placed in the test frame between 
the reaction beam at the floor level and the 
loading beam at top. The wall panel was 
connected to the bottom reaction beam using 
six threaded anchor rods, with diameter of 20 
mm in order to transfer horizontal shear forces. 
The hold-down brackets are connected to the 
web of the end studs using twenty bolts with 
diameter of 4.2mm and to the reaction beam 
through the bottom track using a 20 mm 
diameter bolt, in order to transfer uplift forces. 
 
Fig. 3 Test setup 
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The testing frame was equipped with one 
500 kN hydraulic actuator with a  250mm 
stroke. Displacement controlled loading is 
applied to the specimens by the hydraulic 
actuator. The in-plane shear force is uniformly 
transferred to the wall panel by the top loading 
beam. Lateral supports are provided at the 
loading beam to prevent out of plane behavior. 
The overall specimen response, such as 
lateral displacement, slip and uplift, was 
measured and recorded using a series of 
displacement transducers. Fig. 4 shows the 
details of the measuring-point arrangement. 
D1 was used to measure the lateral 
displacement of the loading beam; D2 was 
used to measure the lateral displacement of the 
specimen on top; D3 and D4 were used to 
measure the slip displacement between the 
specimen and bottom reaction beam; D5 and 
D6 were used to measure the vertical 
displacement of the specimen relative to 
bottom reaction beam; and D7 and D8 were 
used to measure the vertical displacement of 
bottom reaction beam relative to the 
foundation. Moreover, the displacement of the 














Fig. 4 Measuring-point arrangement. 
2.3. Test procedure 
Both monotonic and cyclic tests were 
conducted in force-control mode and 
displacement control mode. The procedure of 
the monotonic tests conformed to the ECCS 
Recommendation [10]. A preload of 
approximately 10% of the estimated ultimate 
load was applied first to the specimen and 
held for 5 min to seat all connections. After 
the preload was removed, the incremental 
loading procedure started until the failure 
occurred, the load increment was set to 75% 
of the estimated peak load.  
The cyclic tests were conducted in 
force-control mode and displacement-control 
mode. Each specimen was tested under 
stepped loading with a constant cyclic 
frequency of f=0.03Hz. The load capacity of 
each specimen was estimated before the 
experiment according to previous 
experimental results and experience at home 
and abroad. During the cyclic test, the 
force-control mode was replaced by the 
displacement-control mode when a turning 
point of the load–displacement curve appeared. 
The relative displacement that corresponded to 
the turning point was defined as the elastic 
limit displacement Δel of the specimen. The 
displacement-control mode followed the 
ECCS Recommendation [10], which consisted 
of cycles of 1Δel, 2Δel, 3Δel… until failure or 
a significant decrease of the load-bearing 
capacity occurred. 
3. Test results 
3.1. Monotonic shear wall test 
Fig. 5 shows the failure mode of 
specimen under monotonic shear wall test. For 
the specimen with 50 mm/300 mm screw 
schedule under monotonic shear wall test, the 
distortion and local buckling failure on the 
flanges of boundary studs under uplift force 
was observed at the end of the studs in top of 
hold-down (just above the hold-down bolted 
connection ), as shown in Fig. 5. The buckled 
chord stud led to the sheathing-to-framing 
connection failure. Then the damaged 
boundary studs cause the collapse of the 
structure when the lateral load increased. This 
is undesired failure mode and shear resistance 
of shear wall is suddenly lost. Therefore the 
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distortional buckling of the boundary studs 
caused by loading eccentricity shall be 
checked in shear wall design. 
 
Fig. 5 Monotonic test wall: chord stud failure. 
3.2. Cyclic shear wall test 
Fig. 6 shows the failure mode of 
specimen under cyclic shear wall test. For the 
specimen with 50 mm/300 mm screw 
schedule under cyclic shear wall test, the 
distortion and local buckling failure on the 
flanges of boundary studs under uplift force 
was also observed at the end of the studs 
above the hold-down, as shown in Fig. 6. 
Similar to the monotonic test, flange distortion 
and local buckling failure on the boundary 
studs were also observed. The CFS walls 
yielded similar peak loads on both the positive 
and negative loading directions, and the walls 
were able to remain the stiffness prior to the 
peak load cycle. After passing the peak load 
cycle, both strength degradation and stiffness 
degradation were observed. 
3.3. Load-displacement behavior 
The measured displacement at the top of 
CFS shear walls consisted of slip 
displacement, overturning displacement and 
actual shear displacement. The expression to 
estimate the actual shear displacement of CFS 
shear walls is summarized in (1)-(5): 
0 1                (1) 
H
L B C 





         (3) 
      41 3V V                       (4) 
6 8 5 7V V V V    （ ）（ ）     (5) 
Where   is the actual shear 
displacement of the CFS shear walls, 0 is 
the measured displacement at the top of the 
CFS shear walls, 1  is the slip displacement 
of the CFS shear walls relative to the 
foundation,   is the overturning 
displacement, H is the wall height, L is the 
wall length, A is the distance between 
displacement transducers D2 and loading beam, 
B and C are the horizontal distances between 
displacement transducers D5, D6 and the 
specimen edges, respectively, and V1-V8 are 
measured values of displacement transducers 
D1-D8, respectively. 
 
Fig. 6 Cyclic test wall: chord stud failure. 
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Based on the above analysis and 
calculation, the load-displacement curve of the 
specimen was obtained using the actual shear 
displacement and the corresponding load, and 
the envelope curve formed by the peak points 
of each first load step circle was defined as the 
skeleton load-displacement curve of the 
specimen.  Fig. 7 shows the typical 
load-displacement curves of specimen under 
monotonic load and Fig. 8 shows the typical 
load-displacement curves and the 
corresponding envelope curves of specimen 
under cyclic load, respectively. 












    Fig. 7 Load-displacement curve of monotonic wall 














    Fig. 8 Load-displacement curve of cyclic wall 
4. Numerical modeling 
4.1. Finite element modeling of monotonic 
test wall 
In this section, the finite element 
modeling of CFS shear wall has been 
presented. The commercially available 
software package ABAQUS/Standard [11], 
version 6.11, was used to develop the finite 
element models. 
The 4-node S4R shell element with 
reduced integration was selected for the 
modeling of cold-formed steel frame and 
sheathing. The screw connections were 
modeled by mesh independent fasteners. 
Using of mesh-independent fastener is a 
convenient method to define a point-to-point 
connection between two or more surfaces. The 
fastener can be located anywhere between the 
parts that are to be connected regardless of the 
mesh. Each layer connects two fastening 
points using connector element [11]. The shear 
load-displacement behavior obtained from 
shear connection tests, carried out by the Shi 
Yu and Zhou Xuhong et al.[12], was used for 
connector element behavior. The 
load-displacement responses of screw 
connection are shown in Fig. 9. The 
engineering stresses and engineering strains 
obtained from the coupon tests carried out by 
Ye Jihong and Feng Ruoqiang et al. [13] and the 
results are shown in Fig. 10. 












Fig. 9 Load-displacement curve of screw connection. 
The displacements of bottom track nodes 
in position of bolts connecting the track to the 
base were restrained along three global 
directions. The top track was assumed to have 
no displacement and rotation along the 
vertical and out of plane directions. The 
displacement controlled loading process was 
used and the lateral displacement was applied 
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on the top track nodes. The hold-downs are 
modeled as uniaxial spring elements with a 
stiffness of 1000 N/mm active in the vertical 
direction only. At the locations of hold-downs, 
the horizontal and out of plane degree of 
freedom is restrained. Fig. 11 shows the finite 
element models of steel sheathed CFS shear 
wall specimen under monotonic load. 






















 Fig. 10 Stress-strain curve of Q345 steel 
 
Fig. 11 Finite element model of of monotonic wall. 
4.2. Numerical modeling of cyclic test wall 
The Open System for Earthquake 
Engineering Simulation (OpenSees) software 
[14, 15] was utilized for all modelling in this 
study. Schematic drawings of the numerical 
models are provided in Fig. 12. The CFS 
frame members, including the chord studs and 
the tracks, were modelled as rigid truss 
elements; the shear wall including steel 
sheathing and screw connections was 
modelled with Two Node Link using the 
Pinching04 material property [16]. Fig. 13 
shows the parameters required to define the 
Pinching04 uniaxial material in OpenSees, 
which includes a backbone trend line, 
degradation factors, as well as other force and 
displacement related parameters. 
 Fig. 12 OpenSees model for cyclic wall 
Fig. 13 Definition of Pinching04 material parameters. 
The OpenSees numerical model 
incorporated a uniaxial material that 
represents a pinched strength vs. displacement 
response which exhibits strength and stiffness 
degradation under reversed cyclic loading. 
Cyclic strength and stiffness degradation 
occurs in three ways: un-loading stiffness 
degradation, re-loading stiffness degradation 
and strength degradation. The concept and 
parameters required to identify the Pinching04 
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material [16] are presented in Fig. 11. The 
backbone trend line was drawn for the shear 
force vs. shear displacement response 
hysteresis of each cyclic test and directly used 
to define the Pinching04 backbone trend line. 
The Pinching04 material is capable of being 
assigned two separate backbone trend lines 
each representing the positive or negative 
response excursions. Since the hysteretic 
response of the tested walls was near 
symmetric, the same trend line was used for 
the both excursions in the model. The 
degradation factors were first approximated 
from the strength vs. displacement hysteresis 
results of the cyclic tests and then 
system-antically changed along with the r 
Disp, r Force, and u Force factors, which were 
pre-measured from the test response hysteresis, 
until a reasonable fit between the tests and the 
numerical model strength as well as 
displacement response histories and energy 
dissipation were obtained. 
4.3. Verification of the numerical modeling 
In the following, the numerical modeling 
of steel sheathed CFS shear wall has been 
verified. Experimental results obtained from 
steel sheathed CFS shear wall were used to 
evaluate the validity and accuracy of the 
numerical model.  
Fig. 11 shows the finite element models 
of steel sheathed CFS shear wall under 
monotonic load. Load-displacement curves of 
steel sheathed CFS shear wall obtained from 
finite element analysis have been compared 
with those of experimental specimens in Fig. 
14. Comparison shows that the numerical 
results were close to those of tests. 
Failure modes of shear wall panel 
obtained from numerical analysis has been 
compared with those of experimental result 
under monotonic load in Fig. 15. Finally, 
comparing numerical and experimental results, 
in terms of shear resistance, stiffness and 
failure modes, shows that the numerical model 
is very capable of estimating the seismic 
behavior of actual CFS shear wall. 














 Finite element analysis
 Fig. 14 Comparison of ABAQUS and test results 
 
Fig. 15 Comparison of failure modes. 
Fig. 12 shows the numerical model of 
steel sheathed CFS shear wall under cyclic 
load. Envelope curve of the hysteresis 
response of steel sheathed CFS shear wall 
obtained from numerical analysis have been 
compared with those of experimental 
specimen in Fig. 16. Comparison of Envelope 
curve shows that the numerical results were 
close to those of test under cyclic load. 














 Fig. 16 Comparison of OpenSees and test results 
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Therefore, it has been found that the 
numerical modeling is reliable enough to be 
used to undertake a parametric study for 
investigating into the effects of some 
parameters on the behavior of CFS steel 
sheathed shear walls. 
5. Conclusion 
In this study, experimental and numerical 
investigation of seismic behavior was present 
on two CFS shear walls sheathed with steel 
sheet for the base layer combined with 
gypsum wallboards for the face layer on both 
sides. Monotonic shear and cyclic loading 
tests were conducted on wall specimens. The 
failure mechanism, bearing capacity, stiffness 
and ductility of specimens were obtained. On 
the basis of rational simplification of CFS 
framed shear walls, the finite element software 
ABAQUS was used to simulate the monotonic 
behavior of CFS shear walls and the structural 
analysis software OpenSees was used in 
developing and calibrating 2D models of 
reversed cyclic shear wall test. A comparison 
between the numerical simulations and the test 
results showed a good agreement between the 
results of the numerical studies and the test 
results. Based on the physical test and 
numerical analysis results, the following 
conclusions are made: 
(1) Cold-formed steel (CFS) framed 
shear walls with steel sheet sheathing can 
achieve higher shear resistance compared to 
conventional CFS framed shear walls. 
(2) Wall specimens with double sided 
sheathings provide higher ultimate strength, 
stiffness, and energy absorption as compared 
with those having one-side sheathing. 
(3) The buckled chord stud will lead to 
the sheathing-to-framing connection failure 
and the damaged boundary studs cause the 
collapse of the structure when the lateral load 
increased, which is an undesired failure mode 
and shear resistance of shear wall is suddenly 
lost. Therefore it shall be checked in shear 
wall design. 
(4) Comparison of the load-displacement 
curve and failure modes of specimens 
obtained from numerical analysis and 
experimental results shows that the numerical 
results were close to those of tests. Therefore, 
it can be concluded that the numerical 
modeling is reliable enough to be used to 
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